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Orthometallation in Iridium

Introduction
There have been a number of reports of [Cp*IrX 2 (NHC)] complexes undergoing cyclometallation reactions involving aromatic [1] [2] [3] [4] , aliphatic [2, 5, 6] and carborane carbonhydrogen bond activation [7] . Although an early example, involving [Cp*IrCl 2 (κC-MeNC 3 H 2 NCH 2 C 6 H 5 )], was reported to occur spontaneously [1] , the reaction is typically induced by base, although acid induced C-H bond activation leading to a putative cyclometallated intermediate has also been reported [8] .
Recently we reported the orthometallation of [Cp*IrCl 2 (κC-MeNC 3 H 2 NCH 2 C 6 F 5 )] via carbon─fluorine bond activation on treatment with silver particles or nanoparticles [9] . In order to determine whether the combination of [Cp*IrX 2 (NHC)] and silver particles could also activate carbon─hydrogen and other carbon─halogen bonds we chose to investigate the 2-fluorophenylmethyl and 2-halo-6-fluorophenylmethyl analogues. Here we report the results of our study. F NMR spectra were recorded in deuterochloroform, except where stated otherwise, using Bruker DRX300 or DPX400 spectrometers. 1 H (300.13 or 400.14 MHz) were referenced internally using the residual proto solvent resonance relative to 
Experimental
Instrumentation
Materials
The imidazolium salts [MeNC 3 H 3 NCH 2 C 6 H 3 X-2-F-6]Br, X = F, Cl, Br and I [10] , and [Cp*IrCl(-Cl)] 2 [11] were prepared as previously described. 1-Methylimidazole, silver(I) oxide (Aldrich) and 2-fluorobenzyl bromide (Apollo Scientific) were used as supplied. 
Preparation of 1-(2-fluorophenylmethyl)-3-methylimidazolium bromide
Preparation of (κC-1-(2-fluorophenylmethyl)-3-methylimidazol-2-ylidene)silver bromide
Hz, CH 2 ), 38.9 (CH 3 ). δ F -117.57 (1F, m).
Preparation of (κC-1-(2,6-difluorophenylmethyl)-3-methylimidazol-2-ylidene)silver bromide (1b)
Complex 1b was obtained as a white solid from 1-(2,6-difluorophenylmethyl)-3-methylimidazolium bromide (0.228 g, 0.789 mmol) and silver(I) oxide (0.103 g, 0.443 mmol) using the procedure in 2. 4 
Preparation of
Complex 1a (0.131g, 0.346 mmol) was dissolved in dichloromethane (5 cm 9.1 (CH 3 ). The resonance of C ipso could not be observed; it is presumed that it is obscured by a coincidental resonance. δ F -119.57 (2F, dd, J = 6.9, 6.9 Hz). 
( 5 -pentamethylcyclopentadienyl)iridium(κC-1-(2,6-difluorophenylmethyl)-3-methylimidazol- 2-ylidene) dichloride (2b) Complex 1b (0.099g,
Preparation of (
5 -pentamethylcyclopentadienyl)iridium(κC-1-(2-chloro-6-fluorophenylmethyl)-3-methylimi dazol-2-ylidene) dichloride (2c) Complex 1c (0.101g,
Preparation of
( 5 -pentamethylcyclopentadienyl)iridium(κC-1-(2-bromo-6-fluorophenylmethyl)-3-methylimi dazol-2-ylidene) dichloride (2d) Complex 1d (0.069g,
X-ray crystallography
Crystals of 2a, 2c and 2d were obtained by diffusion of pentane into a chloroform solution of the relevant complex. Crystals of 3b, 3b/3c, 3b/3d and 3b/3e were obtained by diffusion of pentane into the liquid decanted from the NMR tube reactions. Diffraction data were collected on an Agilent SuperNova, single source at offset, Atlas diffractometer with graphite-monochromated Cu-K α radiation. The structures were solved using Olex2 [13] with olex2.solve [14] structure solution programme using Charge Flipping and refined with the olex2.refine [14] 
Results and discussion
The iridium complexes [Cp*IrCl 2 (κC-MeNC 3 H 2 NCH 2 C 6 H 3 X-2-F-6)] (2a X = H, 2b X = F, 2c X = Cl, 2d X = Br, 2e X = I) were obtained in high yields by the treatment of [Cp*IrCl(μ-Cl)] 2 with the silver NHC complexes [AgBr(κC-MeNC 3 H 2 NCH 2 C 6 H 3 X-2-F-6)] (1a X = H, 1b X = F, 1c X = Cl, 1d X = Br, 1e X = I), which were formed by treating the imidazolium salts [MeNC 3 H 3 NCH 2 C 6 H 3 X-2-F-6]Br [10] with silver(I) oxide. The complexes were characterized by NMR spectroscopy and high resolution mass spectrometry. Complexes 2a, 2b and 2c were also characterized by elemental analysis. The structures of complexes 2a, 2c and 2d (Figures 1 -3) were determined by single crystal X-ray diffraction studies. In order to investigate the reactions between complexes 2a -2e and silver nanoparticles [12] by in situ NMR spectroscopy, experiments were performed in deuterochloroform in NMR tubes, and the final products were also analysed by mass spectrometry and single-crystal X-ray diffraction. Treatment of a solution of 2a with silver particles over 12 hours gave the C-H bond activated product, 3b, exclusively. Treatment of 2b with silver particles also gave 3b, but by C-F bond activation. The structure of 3b was determined by single crystal X-ray diffraction (Figure 4) . The crystal structure contained additional electron density, which can be ascribed to the presence of ca. On treatment with silver particles complexes 2c, 2d and 2e underwent C-X and C-F bond activation to yield mixtures of 3b and 3c, 3b and 3d, and 3b and 3e in ca. 1:4, 1:1 and 3:2 ratio respectively as evidenced by NMR spectroscopy. Mass spectrometry indicated that there was no exchange of the carbon bound halogen atom of 3d and 3e for chlorine, an atom of which is lost as chloride from the metal centre, and it is therefore surmised that exchange of atoms at this site does not occur in any of the reactions or for any of the halogens. Crystals were obtained from the reactions and the structures of the products, which co-crystallized, were elucidated by single-crystal X-ray diffraction studies. The co-crystals are isomorphous with those of 3b and the compounds 3b -3e are isostructural. The structure of the co-crystal of 3b and 3d is shown in Figure 6 . (The structures of 3b and 3c, and 3b and 3e are contained in the supplementary material.) The crystal structures of the co-crystals were modelled with 3b:3c, 3b:3d and 3b:3e ratios of 44:56, 43:57 and 64:36 respectively, without the inclusion of solvent, although residual electron density suggested the presence of a small amount (< 0.1 molecule per molecule of product). The bond distances and angles around iridium (Table 2) are similar to those of [Cp*IrCl(κC 2 -MeNC 3 H 2 NCH 2 C 6 F 4 )] [9] . [16] ). However, the greater strength of the C-F bond compared to the C-Cl bond indicates that bond strength alone cannot account for the preference for which bond is activated.
Conclusion
Orthometallation occurs exclusively by carbon−hydrogen bond activation when Table 1 Crystallographic data for ( 5 -pentamethylcyclopentadienyl)iridium(κC-1-(2-fluorophenylmethyl)-3-methylimidazol-2-ylidene) dichloride, 2a, 
